QUANTITATIVE ESTIMATION OF LYO- AND DESMOENZYMES IN TISSUE SECTIONS WITH AND WITHOUT FIXATION by Nachlas, Marvin M. et al.
QUANTITATIVE  ESTIMATION OF LYO- AND  DESMOENZYMES 
IN TISSUE  SECTIONS  WITH AND 
WITHOUT FIXATION*, $, § 
BY MARVIN M.  I~'ACHLAS,  M.D.,  WILLIAM PRINN, 
AND ARNOLD  M.  SELIGMAN, M.D. 
(From the Departments of Surgery, Sinai Hospital of Baltimore, and the Johns Hopkins 
University School of Medicine, Baltimore) 
Received for publication, June 12, 1956 
The concept has  been advanced  that  many  enzymes are present  in  cells 
in at  least two forms. The  term  "lyoenzyme" has been  ascribed  to  the  ex- 
tractable component  and  "desmoenzyme"  to  the  insoluble fraction  which 
remained  fixed  to  the  cellular  structural  constituents  (1-3).  Lison  (4)  de- 
serves credit for re-emphasizing the role of these two enzyme components in 
histochemical analysis. Investigators who have been developing or :employing 
histochemical  techniques  have been aware  of the  significant  amount  of en- 
zyme which diffuses into the incubation medium. The appearance of the split 
product in the buffered substrate solution as well as in the tissue section has 
been a  disturbing feature of many methods.  Efforts to reduce this phenom- 
enon have been partly  successful  by either exposing  the tissues to fixatives 
before incubation, or by adding high concentrations of salts to the incubating 
solution. These attempts have met with varying degrees of success, depending 
to a large extent upon the enzyme being investigated, the degree of inhibition 
by these agents, and the solubility characteristics of the enzyme. Although a 
marked decrease in the amount of enzyme diffusing  into the incubation solu- 
tion may be attained under  certain conditions,  the extent of the movement 
of the enzyme within  the cell and  the exact amount of diffusion  out of the 
tissue section is still undetermined. 
In recent years, Several  quantitative  methods have been employed in en- 
zyme histochemistry, but these were not specifically  designed  to measure the 
lyo and  desmo components of enzymes. A  simple  technique for determining 
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the effect of fixation upon enzymatic activity was first introduced by Stafford 
and Atkinson  (S),  and later used by others  in searching for optimum  condi- 
tions in developing new methods or evaluating old methods. For this procedure 
blocks of tissue  are  exposed  to a  given fixative for a  definite period of time, 
then  homogenized,  and  the  enzymatic  activity  determined  colorimetrically. 
Comparison  of  enzymatic  activity  is  then  made  with  an  equal  amount  of 
tissue which has not been exposed to the fixative. Thus the amount of activity 
remaining  in a  block of tissue  could be ascertained,  after a  24 hour period of 
fixation in reagents such as formalin (6), acetone, or alcohol (S). This method 
has been used to evaluate the effects upon enzymatic activity of all the vari- 
our histological manipulations which are performed during the preparation  of 
paraffin-embedded tissues. 
Other  methods  of  quantitating  enzymatic  activity  in  tissue  sections  by 
extracting the final reaction product, or by determining the amount of reaction 
product in sections by microphotometric techniques, or by radioactive isotope 
techniques have been described  (7,  8).  Although these quantitative  methods 
yield significant and helpful data  in the field of histochemistry,  they are not 
applicable to a  study of the lyo and desmo components. Such a  study is partic- 
ularly  relevant  at  present  to the proper evaluation of histochemical methods 
for enzymes. Questions which frequently arise are (1) how much of the enzyme 
is present in the lyo form, (2) what are the differences between various enzymes 
in this  respect,  and  (3)what  are some of the factors and conditions used in 
histochemistry  which  influence  the  diffusion  of  the  lyo  form?  Experiments 
designed to answer these questions form the basis of this report. 
Materials and Methods 
Preparation of the T~ssue Sect'ions.--The kidneys of freshly killed rats were cut into small 
rectangular blocks (10 X 8 X 4 ram.) with parallel sides, quickly frozen in a bath of acetone 
and carbon dioxide at a temperature  of --80°C., and then stored in the deep freeze at a tem- 
perature  of ~20°C. The blocks were mounted upon object holders when they were ready for 
use, and sections 8 microns in thickness were cut in the cryostat using a rotary microtome. 
Two sections were mounted at the lower end of each clean glass slide and the slides remained 
in a box within the cryostat until  they were ready to be used in an experiment. Although 
the blocks could be stored for several weeks, it was considered advisable to cut these sections 
at the time the experiment was to be performed, rather than allow cut sections on slides to 
remain in storage. It was important that the sections be of uniform thickness  and of equal 
size. Thiswas readily  accomplished by cutting the blocks so that the sides were parallel, 
thus yielding sections with uniform areas. Since there was some unavoidable variation in the 
surface area of the sections as cutting proceeded, it was advisable to use alternating  sections 
for the control  and experimental  determinations.  Further accuracy was introduced  by the 
use of no less than four slides (8 sections) for each determination.  Thus,  any error which 
might arise from variation  in the size or thickness of the tissue sections, as well as any pos- 
sible variation in the enzymatic activity of the sections taken from different portions of the 
block was minimized. The use of at least 8 sections for every experiment provided a sufficient 
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When the experiments were to be performed, the slides were removed from the cryostat 
and the sections gently warmed by breathing upon them. They were allowed to remain at 
room temperature for 15 to 30 minutes for complete drying. Since the sections were not fixed 
to the slides, it was necessary to exercise a certain amount of care when the slides were placed 
into the various solutions, in order to avoid dislodging the sections. 
Treatment of the Seaions.--The control sections were simply removed from the slide to a 
beaker of distilled water, the volume of the water in milliliters being equal to twice the number 
of sections. These control sections were then carefully homogenized in a motor-driven ground 
glass homogenizer, until there was no gross evidence of particulate material and the homo- 
genate (C) was stored in the refrigerator at 4°C. until ready for the determination of enzymatic 
activity. The test sections were placed in the solutions to be studied for the various times 
indicated or into the appropriate fixative. Once again, the volume of solution used was such 
that there were 2 ml. of solution for each section. Thus, 8 sections were allowed to incubate 
in 16 ml. of water, in order to study the amount of enzyme diffusing into the aqueous solution 
(D). At the termination of the incubation period, the slides were removed from the solution 
and the sections were then scraped from the slides into another solution of distilled water 
(2 ml. of solution for each section). Without further incubation, the sections were homogenized 
(T) in the same manner as the control sections. At this time, therefore, there were three solu- 
tions containing enzyme, all three of equal volume, two as homogenates (C -}- T) and one 
as an aqueous solution (/9). The color density readings resulting from the enzymatic activity 
in the control section (C) were taken to be 100 per cent activity; while the values obtained 
from the tissue homogenate (T) prepared after the tissue had been allowed to st~/nd in the 
aqueous solution (D), were calculated as per cent of the control readings. When the amount 
of diffusion that occurred after fixation was to be studied, the tissue sections were placed in 
the appropriate fixatives for the times indicated, then quickly rinsed and placed into distilled 
water for the determination of the activity that would then diffuse into aqueous solution. 
The volumes of enzyme solution used in determining enzymatic activity with  the various 
substrates as well as other conditions of the determinations are shown in Table L 
Determination of Enzymatic Aaivity.--The substrates used for the determination of enzy- 
matic activity for six enzymes are listed in Table L  The syntheses of these compounds have 
been described previously  I  (9-13).  All of the substrates with the exception of fl-naphthyl- 
acetate were stored as aqueous stock solutions and kept in the refrigerator for as long as 6 
weeks without significant hydrolysis. Naphthylacetate was dissolved in acetone and stored 
in the refrigerator until immediately prior to incubation when it was mixed with the buffer. 
The concentration of the substrates in the stock solutions were such that when the stock 
solution was mixed with an equal volume of buffer at the pH indicated in the table, and when 
the amount to be used for the determination was mixed with the indicated volume of enzyme 
solution,  the  final concentration of the  substrate in  the  enzyme-buffer-substrate solution 
resulted in the values recorded in Table I  as substrate concentration. The temperature at 
which the incubation was run, as well as the time of incubation, is also listed in Table I. At 
the end of incubation, 1 milliliter of sodium fluoride containing I  mg./mL was added to each 
of the tubes in order to stop enzymatic activity. For esterase the tubes were chilled in addition. 
The naphthyl products of esterase, alkaline phosphatase, and lencine aminopeptidase activity 
were then converted to an azo dye by the  addition of an appropriate volume of a  solution 
containing 4 rag. tetrazotized dlorthoardsidine and the dye was  maintained in solution with 
tween 40.  s The final volume in the Klett tube was adjusted to i0 ml. by the addition of water. 
t These reagents may be obtained from Dajac Laboratories, The Borden Chemical Com- 
pany, Leominster, Massachusetts. 
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When this was done, there were 4 mgs. of the diazonium salt in each tube and the concentra- 
tion of tween 40 was 0.2 per cent. The activity of the other three enzymes was determined 
after adjustment from the optimum acid pH values to pH 7.5 bythe addition of an appropriate 
amount of sodium bicarbonate solution. With an alkaline pH to permit coupling, the tetrazo- 
tized dianisidine and tween 40 mixture were then added and the tubes adjusted to a  final 
volume of 10 ml. When it was necessary to use a large volume of enzyme as with fl-glucuroni- 
dase, the turbidity was greatly reduced by centrifuging the tubes for 5 to 10 minutes. The 
colors which developed were read within 15 minutes in the Klett-Summerson photoelectric 
TABLE  I 
Reag~tsandCondiff~sfort~  Col~imetric Esgmagon~ Enzym~ Acti~O 
Enzyme 
Esterase 
Alkaline phospha- 
tase 
Acid phosphatase 
Leucine amino pep- 
tidase 
I-Glucuronidase 
hryl sulfatase 
Substrate 
Compound  Concen-  tration 
mg. 
per ml. 
~-Naphthyl  0.1 
acetate 
~-Naphthyl  0.2 
phosphate 
~.l~aphthyl  0.2 
phosphate 
L-Leucyl-B-  0.2 
naphthyl- 
amide 
5-Bromo-2-  !  0.2 
naphthyl-0- 
D-glucuro- 
hide 
6-Benzoyl-2-  0.2 
naphthyl 
sulfate 
Buffer 
Type 
Verl bnal 
Ver~ ,nal 
Ace~ :ate 
Ace1 ate 
&cel ate 
&cel ate 
Solution 
'  Bu~er- 
En-  su~l 
pH  zyme  strate i 
mL  mL 
0.5  4.5 
1  1 
1  1 
2  2 
2  2 
3  3 
Volume of  Incubation 
Tem] ~  Time 
eratu ~e 
"C.  hrs. 
25  0.5 
37  1 
37  2 
,37  1 
37  18-2~] 
37  20-24 
colorimeter using a  green filter  (540 m~).  Each  determination was  run in duplicate.  The 
colorimeter was adjusted to the zero mark by the use of a  blank which was prepared by 
following each step  of the procedure  except that the enzyme was kept separate from the 
buffer-substrate solution during the period  of  the  incubation. They  were  mixed  and  the 
tetrazotized dianlsidine salt and sodium fluoride were added just prior to use in the colorim- 
eter. The blank for esterase was chilled in addition. 
RESULTS 
Enzyme Diffusion From Unfixed Tissue Sections.--The  results of 1  hour's 
incubation at room temperature in distilled water for esterase,  phosphatases, 
leucine  aminopeptidase,  /3-glucuronidase, and arylsulfatase are presented in 
Table II. The values listed under the column T give the per cent of enzymatie 
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per cent of activity in the diffusate. The control values (100 per cent activity) 
are not shown in the table, but these were obtained from the fresh tissue sections 
which were  homogenized immediately and incubated with the  substrate  for 
the same time period as the test sections  above.  The  first  and  most  notable 
observation was the marked differences between the  amounts of the lyo and 
desmo components of the various enzymes studied. For example, esterase had 
about one-tl-drd of the enzymatic activity remaining in the tissue section, while 
two-thirds  went  out into  the  diffusate;  alkaline  phosphatase and leucine 
TABLE  II 
Diffuzion of Enzymes from Unfixed  Tissue Sections Placed in Distilled  Water for One Hour at 
Room Temperature* 
Exp. No. 
T 
1  28 
2  28 
3  37 
4  24 
5  28 
6  28 
7  24 
8  28 
Average.  28 
Esterase 
D  r+~ 
61  89 
59  87 
66  103 
63  87 
56  84 
82  110 
58  82 
70  98 
64  92 
Alkaline 
phosphatase 
53 
67 
56 
44 
57 
63 
54 
54 
56 
Acid 
phosphatase 
33 
24 
28 
40 
22 
23 
29 
39 
30 
T+D 
86 
91 
84 
88 
79 
86 
83 
93 
86 
T  D T-f.D 
5fi 57  123 
67 54  131 
42 ~8  90 
51 54  105 
46  fi0  106 
32  75  107 
49  ~  92 
65i~9  114 
51158  109 
Leucine 
amino- 
peptidase 
T  DIT--~D 
69 43  112 
62 12  74 
61 32!  93 
77 2~  105 
67 23  90 
54 22  76 
44 24[  68 
87 24]  111  ..... 
65 2~  91 
Glucuronidsse 
T  D  iT+D 
20 113  133 
7  94  101 
9 123  132 
23  85  108 
0 126  126 
12 108 120 
Arylsulfatase 
T  D  T+L 
0 234  234 
0 100  100 
20 230  250 
27  490  517. 
23 328  348 
0 297  297 
12 279  291 
* T  values represent the per cent of enzymatic activity remaining in the tiss~, while the 
D values indicate the per cent of activity in the diffusate.  T A- D represents the sum of the two 
determinations, which theoretically should equal 100 per cent. The control values (100 per 
cent activity) were obtained from the fresh tissue sections homogenized immediately, and 
incubated with the substrate for the same period of time. 
aminopeptidase,  on the  other hand, had about two-thirds remaining in  the 
tissue and one-third diffusing out; while acid phosphatase showed about half 
the  activity remaining in  the  tissue  section  and  half in  the  diffusate. The 
findings with fl-glucuronidase and arylsulfatase were striking in that almost 
all of the activity was found in the diffusate and very little remained in the 
tissue section (12 per cent). Not only was sulfatase found to be an extremely 
diffusible enzyme, but the activity of the diffusate was frequently more than 
twice that of the control section. The explanation for this is not entirely clear, 
but may be related to the presence of inhibitors in the tissue sections which 
were tightly bound there, while the enzyme was free to diffuse out into the 
aqueous  solution,  After noting  these  quantitative  differences in  the  desmo 
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experimental  conditions  in  order  to  learn  more about  the  factors  for each 
enzyme that influence the diffusion from the tissue section. Tables III through 
VII record the results of these experiments. 
Esterase.--The  data showing the diffusion of esterase  in aqueous solutions 
are illustrated in Table III. The unfixed tissue sections were placed in distilled 
water  for varying periods  of  time  and  at  varying temperatures.  It is  note- 
worthy that there was just as much enzymatic activity in the diffnsate at 20 
minutes as there was at 40 or 60 minutes.  In fact, there seemed to be some- 
TABLE III 
Diffusion of gsterase in Agueous Solutions 
None 
Fixa~on 
Cold  formalin, pH 
7.0 for 30 min. 
Cold acetone for 30 
rain. 
Cold ethanol for 30 
rain. 
Extraction solution 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Buffer (pH 7.8) 
NaC1 (2 ~) 
Distilled water 
Distilled water 
Distilled water 
Time 
I 
I 
I Temper- 
ature 
I  Per cent activity in 
T+9 
2  81  106 
2  74  100 
8  64  92 
2  63  94 
2  68  96 
3  76  114 
2  106  118 
4  37  100 
4  105  120 
4  61  76 
what more activity in the diffusate after 20 minutes  than after 60 minutes, 
although  no decrease  was  noted in  the  residual  tissue.  The  explanation  for 
this is not entirely dear. The loss of some activity in the presence of the sec- 
tions suggests the reabsorption of enzyme or slow release of an inhibitor. The 
latter seems more likely. That deterioration with time in aqueous solution was 
not  the  explanation  was  shown in other experiments  in which  the  diffusate 
after 20 minutes was separated from the sections and allowed to stand for 40 
to 60 minutes without change in activity. We prefer to emphasize the observa- 
tion that the lyo component which diffused out of the tissue did so in a very 
short period of time,  and  that after this period there was no further loss of 
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out  at  4°C.  room temperature,  or 37°C.  made  very little  difference.  When 
the aqueous solution into which the enzyme was diffusing was buffered to the 
pH  which  is  used  in  the  histochemical method for the  determination  of es- 
terase activity, about the same amount of enzyme diffused out of the section 
as was noted in distilled water. However, when 2 ~  sodium chloride was used 
as an extracting solution in an effort to decrease the amount of enzyme diffus- 
ing out of the tissue  section,  the reverse situation occurred and a  great deal 
more of  the  enzyme was  lost  into  the  aqueous  solution.  The figures  shown 
TABLE IV 
Diffusion of Alkaline PhosphaCase in Aqueous Soluaans 
None 
Fixation 
Cold formalin, pH 
7:0 for 30 rain. 
Cold acetone for 30 
min. 
Cold ethanol for 30 
min. 
Extraction solution 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Buffer (pH 9.2) 
NaC1 (2 ~) 
Distilled water 
Distilled water 
Distilled water 
~ime 
20 
40 
6O 
60 
60 
60 
60 
60 
6O 
60 
npers- 
:ure 
°C, 
25 
25 
25 
4 
37 
25 
25 
25 
25 
25 
No. of  Per ~  ent  act~' 
e~XePenerits"  Tissue  ~t  u" 
(r)  (D) 
2  I  53  I  42 
2  65 
8  57 
2  69 
3  69 
3  80 
2  77 
4  54 
4  78 
4  69 
Per cent sctivity in 
T+D 
.,.u  • 
95 
37  102 
29  86 
23  82 
43  112 
6  86 
7  84 
43  ~  97 
J 
29  I07 
25  94 
represent the averages of from two to eight experiments which were performed 
with  the alteration of the experimental  conditions listed.  The most common 
method  employed in  attempting  to  decrease  the  diffusion of enzyme in  the 
incubation solution is the fixation of the tissue. Formalin, acetone, and ethanol 
are  the  three fixatives  that  are  in  common use.  In order to  determine  how 
much enzyme diffused into the aqueous solution after tissues were fixed,  they 
were exposed to the fixations mentioned for a period of 30 minutes in the cold, 
as shown in Table III, and then the sections were placed in distilled water for 
a 60 minute period. The amount of the activity which diffused into the aqueous 
solution  after  the  sections had  been  fixed  was  compared with  the  previous 
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in preventing the diffusion of esterase into water; there was 61 per cent of the 
control activity present after ethanol fixation in contrast to 64 per cent when 
the tissues  were fresh.  However,  formalin  did havc  a  favorable  influence  in 
that after fixation, two-thirds of the enzymatic activity remained in the tissue 
section and only one-third diffused into the aqueous solution; just the reverse 
of the unfixed tissue sections. With acetone fixation, a great deal more esterase 
diffused into the aqueous solution than occurred with fresh tissues. 
TABLE V 
Diffusion of Acid Phosphatase in Aqueous Solutions 
Fixation 
None 
Cold  formalin,  pH 
7.0 for 30 rain. 
Cold acetone for 30 
rain. 
Cold ethanol  for 30 
min. 
Extraction solution 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Buffer (pH 5.0) 
NaCl (2 M) 
Distilled water 
Distilled  water 
Distilled water 
2O 
40 
60 
60 
60 
60 
60 
60 
60 
60 
T¢  No.  Of 
am ra-  experi- 
:urq~  merits 
25  2 
25  2 
25  8 
4  2 
37  2 
25  3 
25  2 
25  4 
25  4 
25  4 
Per cent activity in 
Tissue  )iffu- 
(T)  sate  T +  D  (D) 
54  51  105 
67  46  113 
51  58  109 
57  54  111 
51  60  111 
62  55  117 
4O  6O  100 
81  29  110 
83  55  138 
77  45  122 
Alkaline Phosphatase.--The same experiments were carried out with alkaline 
phosphatase and the data axe illustrated  in Table IV. As with esterase, it may 
be seen that at 20 minutes there was as much enzyme present in the diffusate 
as in 60 minutes.  In fact, somewhat more enzyme was present  in the earlier 
period of time. The temperature  at which the diffusion occurred did seem to 
make a  difference with this enzyme since at 4 ° and 25°C. only 23 and 29 per 
cent of enzymatic activity  was present in the diffusate,  whereas at 37°C. as 
much as  43 per cent of the activity  appeared in the  aqueous solution.  In con- 
trast  to the  findings  with esterase,  when the aqueous solution  was buffered  at 
pH 9.2,  or when 2 •  sodium chloride  was added to it, the amount of phos- 
phatase  that  diffused was markedly  decreased.  These  are  worthwhile proce- 
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the process of fixation did not prevent some diffusion of alkaline phosphatase 
into the aqueous solution. 
Acid Phosphatase.wThe  behavior of acid phosphatase under similar experi- 
mental conditions  is recorded  in  Table V.  The lyoenzyme was found  to  be 
present in the aqueous solution within 20 minutes. Whether the temperature 
of the  solution  into  which  the  enzyme diffused was 4 °,  25 °,  or 37°C.,  made 
little difference. In contrast  to alkaline phosphatase,  the addition  of 2 ~  so- 
dium chloride or buffer (pH 5)  to the aqueous solution did not result in any 
decrease in the amount of enzyme that diffused. Although fixation with cold 
TABLE VI 
Diffusion of Le~cine A  mlnop,ptidase in Aqueous Solutions 
Fixation 
~one 
2old  formalin,  pH 
7.0 for 30 rain. 
Zold acetone for 30 
rain. 
Extraction solution 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Buffer (pH 6.5) 
NaC1 (2 ,x) 
Distilled water 
Distilled water 
60 
60 
Time  Tempe 
tur¢ 
r,  ti~.  °C. 
20  25 
4O  25 
6O  25 
6O  4 
6O  37 
60  25 
6O  25 
25 
25 
No. of 
ra-  experi- 
ments 
2 
2 
8 
2 
3 
3 
2 
4 
3 
Per cent activity in 
Tissue  Di~u- 
(T)  sate  T +D 
(D) 
72  34  106 
74  33  107 
65  26  91 
62  34  96 
53  43  96 
135  7  142 
93  8  101 
33  6~  100 
82  21  103 
acetone or ethanol did not decrease the amount of lyoenzyme, prior fixation 
with formalin cut the amount of diffusion in half as compared to fresh tissue. 
Leucine  Aminopep~idase.--The  data  of  similar  experiments  with  leucine 
aminopeptidase are recorded in Table VI. The findings with this enzyme were 
very similar to  those  of alkaline phosphatase in  that  the presence of buffer 
(pH 6.5)  or 2 x¢ sodium chloride in the solution into which  the enzyme was 
diffusing resulted in a marked decrease in the amount of enzyme that diffused 
from the tissue. However, in contrast to alkaline phosphatase, where formalin 
fixation  resulted  in  the  preservation of more enzymatic activity within  the 
section, it was found that after such fixation there was a greater loss of leucine 
aminopeptidase into the aqueous solution than was noted with unfixed tissues. 
Acetone fixation was not helpful in reducing the loss of enzyme into the aque- 
ous solution. 496  LYO-AND DESMOENZ'krM:ES  IN TISSUE SECTIONS 
~-Glucuronidase.--The  most  striking  finding  in  all  the  experiments  with 
3-glucuronidase  was the fact that very little activity remained  in  the  tissue 
section,  and  over 100  per cent  of the activity was usually noted in the dif- 
fusate,  regardless  of  the  conditions  under  which  the  determination  was  run 
(Table VII).  Three  factors  had  some  effect on  increasing  the  activity  that 
remained in the tissue section. These were the use of a pH 5 buffer in the solu- 
tion into which the enzyme was to diffuse, and the fixation of the tissue section 
with cold ethanol before the diffusion experiment was carried out. These two 
TABLE VII 
Diffusion of 3-Glucuronldase in Aqueous Solutions 
None 
Fixation 
Cold  formalin,  pH 
7.0 for 30 min. 
Cold acetone for 30 
rnin. 
Cold ethanol for 30 
min. 
Extraction solution 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Distilled water 
Buffer (pH 5,0,) 
NaC1 (2 ~t) 
Distilled water 
Distilled water 
Distilled water 
t  I  Tempera,-  No.  oi  Time  1  ture  experi.mentt 
25  2 
66~  25  2  25  5 
4  2 
60  37  3 
60  25  3 
60  25  2 
6O  25 
60 
60 
25 
25 
Per cent activity in 
Tissue  )iIIu~  sate  2" +  D  (2")  CO) 
4  23  127 
3  .31  134 
12  .08  120 
5  .47  152 
6  38  144 
28  92  120 
9  97  106 
44  73  117 
12  132  t 144 
[ 
28  158  t 186 
l 
alterations resulted in 28 per cent activity remaining in the tissue section as 
compared to  3  to 12 per  cent.  Prior  fixation  with  cold formalin raised  the 
activity of the tissue section to 44 per cent. 
Effect  of I~xation.--The  results  of  exposing  tissue  sections  8  microns  in 
thickness to formalin, acetone, and ethanol are illustrated  in Tables VIII to 
X. With formalin fixation the decrease in activity that occurred as a  result of 
the fixation was noted after a  15 minute period; and whether the sections were 
fixed for 30 or 60 minutes resulted in very little additional loss of activity ex- 
cept in  the case of fl-glucuronidase.  However, when the fixation period was 
extended to 4 hours, there was a further decrease of about 30 per cent in most 
of the enzymatic activities studied. Increased destruction of enzymatic activity M.  M.  NACHLAS, W.  PRINN,  AND A. M.  SELIGMAN 
TABLE VIII 
Enzymatic Activity Remaining after Exposure lo Buffered Formalin 
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E~re  [  No. of  n  Tempera-ture  iexperime  t., 
rain.  *C. 
/ 
15  4  /  3 
30  4  !  5 
60  4  [  4 
240  4  I  2 
30  25  2 
30  37  [  2 
Alkaline 
Esterase  phosplmtase 
per cent  per cent 
45  76 
54  71 
43  80 
15  53 
35  52 
22  14 
Acid 
phosphatase 
per cent 
67 
58 
67 
42 
47 
24 
Leucine 
amino- 
peptidase 
per con# 
9O 
82 
85 
54 
!  O-glucuron- 
idase 
per cent 
38 
23 
16 
4 
6 
2 
TABLE IX 
Enzymatic Activity Remaining after Exposure to Acetone 
Exposure 
time 
15 
30 
6O 
240 
3O 
30 
Tempera-  No. of 
ture  experiments 
ob  ------  -- 
4  2 
4  5 
4  3 
4  2 
25  2 
37  2 
Esterase 
per cent 
61 
68 
52 
59 
64 
56 
Alkaline 
phosphatase 
per cent 
85 
95 
107 
10! 
8O 
79 
Acid 
phosphatase 
Leucine  ~  lucuron 
amino-  ~-g'~ase  " 
__  peptidase  1__ 
per cent  per cent  I  per cent 
I 
80  90  /  76 
! 
77  76  73 
81  84  60 
82  79  71 
67  80  80 
70  77  74 
TABLE X 
Enzymatic Activity Remaining after Exposure to Ethanol 
Exposure 
time 
15 
3O 
6O 
240 
30 
3O 
Tempera- 
ture 
*C. 
4 
4 
4 
4 
25 
37 
No. of 
experiments,  Esterase 
per cent 
33 
32 
31 
25 
2O 
13 
I  Alkaline  Acid 
phosphatase  phosphatase 
per cent  per cen~ 
53  50 
62  41 
57  50 
66  38 
38  32 
27  22 
Leucine 
amino- 
peptidase 
per cent 
3 
$-glucuron- 
idase 
per cerd 
83 
26 
30 
14 
9 
1 
was noted when the fixative was kept at room temperature and this became 
even more pronounced at 37°C. The amount of activity which remained after 
exposure for 30 minutes at 37°C. was less than that remaining after exposure 
to  cold formalin for 4  hours.  With acetone fixation (Table IX)  the greatest 
amount of enzymatic activity was preserved, even when the fixation procedure 
was carried out for as long as 4  hours. The marked difference between the 15 498  LYO- AND DES~OENZYMES IN TISSU'E SECTIONS 
minute period of fixation, and the 4 hour period which was noted with formalin 
was not observed with acetone. In addition, the temperature of the fixative 
was not as critical with acetone as it was with formalin, since 30 minutes of 
exposure at 37°C.  did not result in significantly less enzymatic activity re- 
maining  than  30  minutes  of  cold  acetone  fixation.  With  absolute  ethanol 
(Table X)  most of the enzymes did show some further decrease in activity 
with 4 hours of fixation as compared to 15 or 30 minutes, the only exception 
being alkaline phosphatase. However, the destruction was not as marked as 
that seen with prolonged formalin fixation. The harmful effect of raising the 
temperature of the fixative was noted with alcohol, as with formalin, in that 
by fixation in the warmer solutions there was a  further reduction in the ac- 
tivity of all the egzymes studied. 
DISCUSSION 
There are intrinsic difficulties associated with the method of study described 
in this paper. The utmost care is necessary in order to obtain tissue sections of 
exactly the same surface area and thickness. This technical problem is partly 
obviated by using a number of sections (at least 8) for each experiment. The 
duplicate determinations of enzymatic activity were  generally within 5  per 
cent, but the results obtained on different days and with different specimens 
showed much greater variation. For this reason as many as eight experiments 
were often performed to determine the partition of enzymatic activity for one 
set of experimental conditions. Although the averages as given suggest greater 
accuracy than is  justified,  certain differences do  exist between  the various 
enzymes studied when they are exposed to similar conditions. Previous studies 
have shown that  these enzymes are  diffusible: some more  than others,  but 
quantitative data have not been available on the relative distribution of the 
lyo  and  desmo  components  under  the  conditions commonly used  in  histo- 
chemistry. 
Common use of the terms lyo- and desmoenzymes, in the German literature 
(1-3), referred to a soluble component and a component which resisted drastic 
treatment for solubilization. Although such use of the terms may be helpful 
to chemists, it has little meaning in histochemistry. However, the concept of 
two components with strikingly different solubilities is a  useful one, and it is 
with this in mind that Lison (4) extended the use of the terms to histochem- 
istry. It is likely that with sufficiently vigorous physical and chemical manipu- 
lations the great majority of the enzymic protein within a cell could be brought 
into aqueous solution with greater or less destruction of activity. DeDuve (14) 
and his  coworkers have  demonstrated with differential centrifugation tech- 
niques, that some enzymes such as acid phosphatase and/~-glucoronidase, are 
held in cell granules  (called lysosomes) which do not show activity toward 
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strate can not enter the membrane of the granule.  When the lysosomes are 
injured, as by repeated freezing and thawing,  the enzymes are released  into 
solution and the enzymatic activity becomes easily demonstrable. Thus from 
a theoretical standpoint some enzymes may exist in different degrees of attach- 
ment to structural protein--some are readily diffusible, some are rather firmly 
attached but may be released by the proper  treatment, and some are insepa- 
rably attached to structural constituents of the cell. 
For histochemistry, it seems desirable  to consider only the diffusible and 
the bound fractions as noted under conditions of treatment used in this field. 
These are  the features which affect the localization  of the enzyme,  or  the 
presence of hydrolytic products outside of the cell. Three objections might be 
raised to challenge the significance of the data presented: (1) Does the diffus- 
ible  enzyme simply represent  the expulsion into solution  of portions of the 
cells which are injured by the microtome knife? (2) Should not the sum of the 
percentages  for enzymatic activity in the diffusate and the tissue  equal  100 
per cent? (3) When diffusion of enzyme occurs after exposure to a fixative, is 
it due tO inadequate fixation? 
The first question may be answered by noting the marked differences in the 
per cent of total activity in the diffusate with different enzymes; for example, 
alkaline phosphatase had only one-third of the activity of the tissue section in 
the diffusate,  while acid phosphatase had one-half,  esterase  two-thirds,  and 
~-glucuronidase almost all the activity in the diffusate. It seems reasonable to 
suppose that loss of partly disrupted cells into solution would show uniformity 
of the enzymatic activity in the medium, if such loss were due to purely me- 
chanical  factors. This is  particularly so,  since  enzymatic determinations of 
several  enzymes were made on the same preparation. 
Concerning the second question,  it is difficult to explain why with alkaline 
phosphatase some of the totals of tissue  and. diffusate activity do not reach 
100 per cent, with/3-glucuronidase  many of the sums are much greater than 
100 per cent, while with sulfatase they are over 200 per cent.  The intrinsic 
limitations of the method may be partly responsible for some of the discrep- 
ancy, but another explanation is necessary  to explain  the major differences; 
namely, that since many enzymes are known to be activated or inhibited by 
certain ions or other constituents of the cell, the alteration in the concentra- 
tions of these groups during the diffusion period might account for the appear- 
ance of either less or more than the enzymatic activity anticipated by the 
summation of  the  activities  obtained  following  the  separation  of  the  two 
enzyme components. 
Finally, it  is  legitimate to  question whether adequate fixation has  been 
accomplished, if enzyme is still found to diffuse from the tissue section. Before 
diffusion was studied, the sections were placed in the fixative for 30 minutes. 
Danielli (15) reported that with sections 2 microns thick, fixation with ethanol 500  LYO- AND DESMOENZYMES  IN TISSUE  SECTIONS 
would become effective in 10 to 20 seconds. Since the other chemical fixatives 
are as reactive, and since the tissue sections used in these experiments were 
only 8 microns thick, it is reasonable to assume that a 30 minute fixation period 
would be adequate. Furthermore, the esterase  (9)  and acid phosphatase  (8) 
activities remaining after 24 hours of fixation using small blocks of tissue have 
been studied, and were not markedly different in many instances from that 
found in our experiments using tissue sections  which were exposed to the fixa- 
fives for 30 minutes. More information could have been obtained if the sections 
had been fixed longer before the diffusion experiment was carried out. How- 
ever, the prolonged fixation (4 hours) of the 8 micron sections resulted in so 
great a loss of enzymatic activity, that a diffusion study would not have had 
significance. And finally, one might expect  that  if fixation was  incomplete, 
there would be some similarity between the different enzymes in file amount 
of diffusion that occurred following fixation with each of the reagents. This 
was not observed. From these considerations, it seems reasonable to consider 
valid the findings that diffusion of enzyme into distilled water does occur even 
after adequate histological fixation. 
The data presented here have special significance only with respect to histo- 
chemical methods. There is a great deal of variation in the handling of tissues 
prior  to incubation in the  substrate-buffer medium; not only with different 
histochemical techniques for enzymes, but frequently with the same enzyme 
method, Thus, some investigators will fix their tissues in one of the standard 
fixatives and cut frozen sections thereafter; others take their tissues through 
the clearing and paraffin-embedding procedures prior to incubation; while still 
others will use fresh frozen tissues which are cut in the cryostat. Aside from 
these major variations, which are usually described by the authors who are 
employing a given technique, there are other minor details which often escape 
being recorded, but which may play a significant role in the localization of the 
enzyme which is obtained.  For example,  some  tissue sections are placed  in 
water or saline solutions for varying periods of time before they are put in 
the buffer-substrate medium, while others are placed in the incubating medium 
immediately following their removal from the knife-blade of the microtome. 
Our experiments show that the lyo fractions vary significantly with different 
enzymes, that some conditions of incubation affect one enzyme in one way and 
another quite differently, and that after a given type of fixation not all of the 
enzyme is immobilized. These facts serve to emphasize that a great deal more 
attention should be paid to some of these details in interpreting the results of 
histochemical methods and their modifications. Differences in localization of 
enzyme may result from such an oversight. 
Improvement in the "sharpness of the picture" which presumably implies 
more accurate localization of the enzyme has been the interest of many work- 
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modified with just  this  aim  in  mind.  The  improvement obtained has  been 
attributed to the use of superior reagents, substrates, or conditions of incuba- 
tion. It occurred to us that there are at least two theoretical pitfalls to both 
the concept of "sharpness" and the explanations offered for such a result when 
it is obtained. In the first place, it is possible that a large part of the improve- 
ment might be obtained as a  result of unwittingly removing the lyo compo- 
nent more efficiently than that obtained with the original method. There is no 
valid objection to the concept of sharpness for any one method of preparation 
provided the worker knows what he is doing. On the other hand, it may be 
desirable to remove purposely the lyo component by introducing such a  step 
as the one described in the experimental section of this paper. Then, when the 
desmoenzyme alone is studied, the evaluation of the superiority of a  reagent 
for  precise  localization of  enzymatic activity will  be  more  valid,  even  for 
enzymes with a  significant lyo component. Furthermore, the organelles where 
these enzymes possibly may be produced could be brought out clearly in such 
a  manner. A  study of esterase and acid phosphatase  would be  particularly 
valuable by this means. Such a study is being undertaken at present. 
The second theoretical pitfall which must be considered, is the question of 
whether sharpness of picture is at all possible in all instances. There are en- 
zymes such as fl-glucuronidase and sulfatase for which it has been determined 
that when a  fresh tissue section rich in these enzymes is placed in aqueous 
solution for 20 minutes, almost all the activity appears in the solution, and 
even  after  fixation this  phenomenon  is  still  observed.  Therefore,  it  is  not 
theoretically possible to locate enzymatic activity in specific organdies by any 
method which demonstrates total activity, but rather as published results so 
far indicate, only in the cytoplasm of the cell. 
SU'M'M'ARY 
1. Tissue sections  eight  microns thick were exposed to various experimental 
conditions  used in  histochemistry,  and the effect  upon the activities  of  esterase, 
the phosphatases, ]eucine aminopeptidase,  fl-glucuronidase,  and arylsulfatase 
was determined colorimetrically. 
2. Significant  differences  were found in the amounts of the lyo and desmo 
fractions of these enzymes. The desmo components  were found to be for es- 
terase,  alkaline  phosphatase,  leucine  aminopeptidase,  acid  phosphatase,  fl- 
glucuronidase, and arylsulfatase, 1~, ~A~, 2/~, 1~, ~,  and 1~ of the total enzy- 
matic activity respectively. 
3.  Variations in  the  time and  in  the  temperature at  which diffusion was 
studied and of the pH and salt concentration of the solution into which the 
sections were placed, resulted in differences in the amount of enzymatic activ- 
ity which remained in the tissue section. Some enzyme loss by diffusion was 
noted even after fixation of the tissue section. 502  LYO- AND DES~0ENZYMES  IN TISSUE SECTIONS 
4. The significance of the findings  with respect to some of the concepts of 
localization of enzymes in tissue sections was discussed. 
BIBLIOGRAPHY 
1. Willst~tter,  R., and Rohdewald, M., Z. physiol. Chem., 1932, 208, 258. 
2. Willst.~itter, R.,  and  Rohdewald, M., Z.  physiol. Chem., 1933, 218,  77. 
3.  Bamann,  E.,  and Laeverenz, P., Z. physiol. Chem., 1934, 223,  1. 
4. Lison, L., Bull. Histol. appI., 1948, 25, 23. 
5.  Stafford, R. 0., and Atkinson, W. B., Stain Technol., 1948, 107, 279. 
6.  Seligman, A. M., Chauncey, H. H., and Nachlas, M. M., Stain Technol., 1950, 26, 
19. 
7.  Gomori, G.,  Microscopic Histochemistry,  The  University  of  Chicago Press, 
1952. 
8. Novikoff, A. B., in  Analytical  Cytology,  (R.  C.  Mellors, editor), New York, 
McGraw-Hill Book Co., 1955, 2/24. 
9.  Nachlas, M. M., and Setigman, A. M., J. Na~. Cancer Inst., 1949, 9, 415. 
10. Friedman, O. M., and Seligman, A. M., J. Am. Chem. So¢., 1951, 73, 5292. 
11.  Green, M. N., Tsou, K. C., Bressler, R., and Seligman, A. M., Arch. Biochem. and 
Biophysics, 1955, 5'/9 458. 
12. Seligman, A. M., Tsou, K. C., Rutenburg, S. H., and Cohen, R. B., Y. Histockem. 
and Cytockem,, 1954, 2, 209. 
13. Rutenburg,  A. M., Cohen, R, B., and Seligman, A. M., Science, 1952, 116, 539. 
14. Appelman, F., Wattia.ux, R., and de Duve, C,, Biochem. at., 1955, 59, 438. 
15. Danielli, J. F., Cytochemistry,  New York, John Wiley  & Sons, Inc.,  1953. 